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The morphological and biochemical changes of the spinal cord were 
studied in young adult (one and a half months old) albino rats (Sprague 
Dawley) after hemisection of the cords at L3 spinal cord level. 
A total of 134 rats was hemisected at the right side of the spinal 
cord under Nembutal anesthesia (50 mg/k绍 and were allowed to survive 
for a period of one, two or three months after hemisection. After each 
month, fluorescent tracers Rhodamine B (RB), Fluoro-Gold (FG) were 
implanted into the dorsal white columns of these rats at the positions of 
the corticospinal tract below the lesion. Two weeks after the tracer 
implants, the rats were sacrificed and the motor cortices and spinal 
cords of both control and hemisected animals were analyzed for 
positively labelled neurons as a result of retrograde transport. In the 
normal rats, labelled cells were present in the motor cortices, with more 
labelling in the contralateral motor cortex. On the other hand, the spinal 
cords of these rats displayed no positively labelled neurons. In the rats 
which had hemisection one month before, a few positive neurons were 
observed in the motor cortex. In the rats that had hemisection two 
months earlier, increased numbers of positive cells were found in both 
sides of the motor cortices, particularly in the contralateral motor cortex. 
At the same time, some positive neurons were found in the gray matter of 
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the spinal cord above the levels of hemisection. These positive neurons 
were seen as high up as the cervical levels of the spinal cord. Three 
months after hemisection, positive cells were still present in the motor 
areas of both cortices and spinal levels above the lesion, but the number 
was much less than in rats which had been hemisected for two months. 
Confirmation studies using Protagol silver and degenerating silver 
techniques revealed the presence of nerve fibers traversing through the 
sites of lesion to areas below. However, some of these fibers traversed 
aberrant paths. Furthermore, when the rats that had been hemisected 
two months earlier were subjected to a second hemisection at the same 
L3 spinal cord levels, chromatolytic neurons were observed in the 
intermediate and ventral gray regions of the spinal cord above the lesion 
as well as in the motor cortices of both sides. Cytochrome oxidase and 
labelled uptake studies on the ventral horn cells below the lesion 
indicated that the sprouted fibers were functional, having an influence 
on these cells. Raman spectroscopy, however, showed that the stereo-
structures of the proteins in the sprouting areas were not the same as 
normal. Behavioral studies also indicated limited but definitive 
improvement on lower limb movements two to three months after 
hemisection. Moreover, the sprouted fibers were found not to be target 
specific after suturing a piece of muscle or connective tissue and 
implantation of a peripheral nerve did not improve sprouting. 
This body of evidence suggests that there was indeed regeneration in 
the spinal cord after hemisection. 
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CHAPTER I. INTRODUCTION 
A. Plasticity of central nervous system 
For many years, the question whether there is regeneration in the 
central nervous system (CNS) has been under much dispute. The first 
experimental evidence that there has been some form of sprouting in the 
central nervous system came from Liu and Chambers in 1958. In a 
series of two experiments, Liu and Chambers provided morphological 
evidences that fibers inside the CNS were indeed capable of sprouting 
and expanding its territories in the CNS. 
In the first experiment they did ( Liu and Chambers, 1958 )，they cut 
a number of dorsal roots on one side of the cat and a year later, using 
degenerating silver techniques confirmed the sprouting of fibers from 
the remaining dorsal roots on that side into the areas which were devoid 
of dorsal root supply. 
e 
In their second experiment (Liu and Chambers, 1958), they reported 
that after cutting the pyramidal tract in the cat, the dorsal root fibers in 
the spinal levels below the cut expanded and took over the ventral horn 
areas which were originally innervated by the pyramidal tract fibers. 
Both of these experiments have become citation classics today and 
provide undeniable evidence that fibers in the CNS are capable of 
sprouting. The first experiment illustrated the sprouting of sensory fibers 
into other sensory areas. The second experiment illustrated the 
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sprouting of sensory fibers into the motor areas. There were other 
unsolved problems. For example, what about motor fibers, do that sprout 
as well ？ There have been some limited studies that a few motor tracts 
are capable of sprouting after injury at some stage but a lot of 
contradiction existed (see below). Even so, are the sprouting fibers 
functional ？ Would there be any retraction of the sprouted fibers after 
some time ？ 
Nevertheless, Liu and Chambers's experiments have triggered a new 
area of studies on the plasticity of the nervous system. This area has 
received much attention particularly in the last decade or so and many of 
these works have used the spinal cords as models. 
B. The Response of Spinal Cord After Injury 
Many studies have utilized experimental animal models to study the 
phenomenon of degeneration and regeneration in the nervous system 
after injury. It was found that if the spinal cord wajs damaged the 
neurons, in the damaged area would become atrophic and the axons in 
the white matter would show anterograde and retrograde changes. 
The anterograde change involved was called Wallerian changes, in 
which the distal part of the damaged axon underwent fragmentary 
degeneration of the axon and the myelin sheath, its terminal branchings 
and synaptic boutons degenerated and finally disappeared. 
The retrograde change was in the proximal part of the damaged 
axon and the degeneration was limited to the first one to two nodes. But 
their cell bodies underwent a series of changes in a process which was 
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called chromatolysis. The cell body showed nuclear eccentricity and 
cytoplasmic swelling with disruption or clumping of Nissl bodies. Usually 
this retrograde degeneration was most evident within two weeks after 
axonal injury. If the cell bodies could maintain alive, they would begin to 
recover three weeks after axonal injury. The remaining terminal axon 
would regenerate and the axonal sprouting would occur. 
Axonal sprouting refers to the processes of regrowth from an axon or 
axon terminal. The axonal sprouting of the regenerative variety occurred 
in the PNS ( Grafstein and McQuarrie, 1978; Guth, 1956 ) and CNS ( Liu 
and Chambers, 1958; Goldberger and Murray, 1974; Bernstein and 
Bernstein, 1971 ). 
There were basically two types of axonal sprouting, terminal 
sprouting and collateral sprouting ( Cotman et al, 1981 ). 
Terminal sprouting includes the outgrowth of processes from a cut 
or otherwise damaged proximal axonal stump or the extension of a 
preexisting intact axon terminal (Vrbova, 1967;Grafstein and McQuarrie, 
1978; Pestronk and Drachman, 1978 ). 
Collateral sprouting refers to the growth of collateral processes from 
an intact axon ( Edds, 1953; Raisman, 1969; Raisman and Field, 1973; 
Goldberger and Murrary, 1974; Guth et al, 1980 ). If the collateral 
sprout originates from a node of Ranvier, it is a nodal sprout. 
C. Sprouting in the corticospinal tracts 
J 
Sproutings in the corticospinal tracts after lesion have also been 
reported during the last ten years in both neonatal and adult animals. 
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In the neonatal rats, Schreyer and Jones (1983) had reported the 
sprouting of corticospinal fibers after thermal lesions. Such sproutings 
were also observed in adult rats ( Sahgal et al, 1981; Little et al, 1988 ) 
employing respectively histochemical and functional (limb movement) 
studies. Other studies in the rodents like the hamsters also confirmed 
these findings ( Kalil and Reh, 1982; Reh and Kalil, 1982 ). 
These studies have been extended to other mammals. Guth et al 
(1981) reported on significant amount of sprouting in the corticospinal 
tract of the Squirrel after spinal cord injury. Recently, corticospinal 
tract sprouting has been recorded in the monkey as well ( Kucera and 
Wiesendanger, 1985; Aoki et al, 1986 ). 
Although sprouting in motor tracts in the human has not had any 
real scientific evidence, it is generally believed that some degree of 
functional recovery can be observed even in the human being if there are 
continuities between the upper and lower levels of the spinal lesion. 
On the other hand, contradictory data concerning these animal 
experiments have also come to light. For instance, Aguayo and his group 
in a series of their publications ( Richardson et al, 1980; David and 
Aguyo, 1981 ) concluded that the sprouting in the spinal cord of rat after 
lesion was quantitatively insignificant. In one of their experiments 
(Richardson et al, 1980), they sutured a piece of sciatic nerve which 
bridged the upper and lower ends of the spinal cord lesion in the rat. In a 
latter paper ( David and Aguayo, 1981 )，a similar step was taken and a 
sciatic nerve bridge was put in to Join the upper and lower cut ends of 
the pyramidal tract after a lesion in the pyramid of the brainstem in 
the rat. In both cases, they claimed that significant amount of sproutings 
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was found going from the upper end of the lesion to the lower end of the 
lesion through the sciatic nerve. Therefore they concluded that 
peripheral nerves had a promoting effect on sprouting or regeneration of 
CNS fibers. 
Similar supports have been voiced by others ( Kalil and Reh, 1982; 
Reh and Kalil, 1982 ) who believed that significant amount of sprouting 
was only possible in the neonatal animals after lesion in the spinal 
cords. According to their study in the hamster ( Kalil and Reh, 1982 ), 
they failed to observe any significant sprouting in the motor pathway 
after a spinal cord lesion in the animals older than 20 days of age. 
D. Influential factors of the sprouting 
For the past fifteen years, a large portion of attention in this area 
has been focussed on factors which either inhibit or promote sprouting 
of fibers in the CNS after a spinal cord injury. 
The best pioneering work came from Blakemore in 1977. He injected 
lyolecithin into the dorsal white column of the cats and rats and the 
lyolecithin destroyed the myelin. After implanting a stump of the sciatic 
nerve into the dorsal white column, he found that the naked fibers in the 
dorsal white column not only acquired new myelin sheaths from the 
Schwann cells of the implanted stumps of the sciatic nerve but these 
fibers also formed new branches. This provided evidence that Schwann 
cells from peripheral nerves could promote sprouting of the nerve fibers 
in the CNS. 
Subsequently, a large amount of work has been done in this aspect. 
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Notable advances came from the recent few years. Crutcher (1989) 
cocultured embryonic sympathetic ganglionic cells on top of the rat brain 
slices and found that they grew and multiplied better in the gray matter 
areas. He then suggested that gray matter promote growth of CNS 
neurons and fibers. 
The study of Siegel et al (1990) in the rat also confirmed Cmtcher，s 
finding. They cut the dorsal roots in these animals close to the spinal 
cord and sutured the proximal stumps back into either the dorsal white 
column or the dorsal gray column of the spinal cord and reported more 
sproutings in the stumps that had anchored in the gray column than 
those in the white column. 
Savio and Schwab (1990) in their study of the neonatal rat went 
further and irradiated the spinal cord in the neonatal rat with 5500 
rad of X ray. This procedure destroyed the proteins from oligodendrocyte 
and the myelin as could be shown by the absence of immunohisto-
chemical staining with appropriate antibodies. After that* they cut the 
spinal cord in the irradiated area. They then observed more sproutings 
from the upper levels above the lesion to area below the lesion site which 
had been irradiated when compared with the control that had not had 
any irradiation. 
E. The Objective of The Present Study 
The aim of the present study was through experimental model 
study to increase our knowledge in the understanding of sprouting after 
injury of the spinal cord. 
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The objective of the present work was to delineate the following : 
1, To find out whether there was any sprouting of the corticospinal 
tract in the spinal cord after hemisection using the model of the young 
adult rat. In spite of considerable controversies concerning the ability of 
the tracts in the spinal cord to sprout after injury in adult, we felt that 
we could circumvent them using a consistent species of animal and by 
following the animal for a period at a time after injury rather than 
jumping into conclusion by observing the performance of the animal at 
a particular and self designated time point. Moreover, this study, apart 
from using the de novo and popular tracer techniques for observation, 
the older degenerating silver as well as the chromatolytic techniques 
would also be used so that any false positive results as presented 
through the diffusion of dye in the tracer technique would be eliminated. 
At the same time, behavior studies would be conducted to assess any 
possible functional recovery. 
2, To study the biochemical and cytochemical changes in the spinal 
cord after hemisection of the cord. This aspect of the studies should 
generate new data to support or disprove the morphological results 
which had been the main theme of research in this area for the past 
many years. This would also give indications whether the sproutings 
were functional or not. For example, if the sprouting were functional, the 
sprouted fibers would regain contact with the ventral horn cells below 
the lesion. Denervation of the sprouted fibers in this case could certainly 
change the activities of these cells in the ventral hom again. 
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4, To determine whether the sprouting exhibited any preference by 
going to a peripheral nerve graft or to areas below the hemisection. Some 
indications exist that peripheral nerves create environments favorable for 
sprouting ( Blakemore, 1977; Saviog and Schwab, 1990 and Siegel et al, 
1990 ). To answer this question, we propose to suture a piece of 
peripheral nerve at the lesion site in our rat model after hemisection, and 
see if there is more sprouting into the peripheral nerve than that growing 
simply through the lesion to the lower levels of the spinal cord. 
3, To determine whether these sproutings were target specific. In this 
case, different types of tissues were sutured to the sprouted fibers. If 
they were target specific, then they would be attracted to one type of 
tissue more often than the other types.If there was no target specificities, 
they would invade all targets with out discrimination. 
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CHAPTER 11. THE NORMAL RAT CORTICOSPINAL TRACTS 
Because this piece of work was to deal with the possible sprouting 
and regeneration of the fibers of the corticospinal tract in the rodent, an 
understanding of the origin and pathways of this group of tract would 
be essential. A search in the literature reveals that there was in fact very 
few papers in this aspect and most of the authors working with the 
regeneration of pyramidal tract rarely directly or indirectly specified that 
the pyramidal tract in rodents was different from the human. 
From the few papers available, it was known that the pyramidal 
tract (corticospinal Tract) of the rat was divided into two tracts like the 
human, with a small ventral corticospinal tract containing ipsilateral 
corticospinal fibers and this tract was situated in the anterior white 
column of the spinal cord ( Vahlsing and Feringer, 1980 ). The major 
corticospinal tract, containing principally fibers from the contralateral 
cortex ( Fig. 1 ) did not travel in the lateral white column as in the 
human and most primates, but took a position in the ventral aspect of 
the dorsal white column ( Brown Jr，1971 ) ( Fig. 2 A) . The neurons in 
the motor cortex giving rise to the corticospinal tract were located in the 
middle 1/3 of the cortex and there were more neurons in the medial 1/2 ( 
from the midline ) than the lateral 1/2 of the cortex ( Wise and Jones, 
1978 ) ( Fig. 2 B, C ). 
Since these studies ( Brown Jr, 1971; Wise and Jones, 1978; 
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Vahsing and Feringer, 1980 ) used older methods of horseradish 
peroxidase tracing ( HRP ) or autoradiography, we decided first to 
confirm some of their relevant findings in our strain of rat before 
proceeding to other studies. Preliminary studies in our and other 
laboratories on cross sections of the spinal cord of the rat at the lumbar 
level had given a rough stereotaxic distribution of the gray and white 
matter of that region ( fig 2 A ). Since the dorsal corticospinal tract (the 
equivalent of the lateral corticospinal tract in the human), was the major 
tract in the rat, we had focussed our attention only to this system. 
As an evaluation of the dorsal corticospinal pathway in the spinal 
cord of the normal rat, the retrograde tracer technique was employed. 
Seven animals ( Sprague Dawley, young adults of 1 and 1/2 months old ) 
were used. They were anesthetized with Nembutal ( 50mg/kg ) and the 
spinal cords exposed at the lumbar level ( spinal level L3 and vertebral 
level LI ) after laminectomy. A piece of gel foam 1 (mm) ^ filled with the 
fluorescence tracer Fluoro-Gold was inserted into the dorsal white 
column on the right side about 1 mm deep. After suturing back the 
muscles and skin, the animals were allowed to survive for two weeks. 
Then they were killed by an overdose of 2% Nembutal (150 mg/kg), and 
the brainstems, cerebral cortices and spinal cord were dissected out. 
These regions were quickly cut into cross sections 100 \l thick with a 
cryostat and the sections were mounted in a mountant. They were 
subsequently observed with a Zeiss Fluoromicroscope with a filter of 410 
run wavelenght. 
Our observations in the normal rat confirmed that the neurons of 
origin for the dorsal corticospinal tract were located in cortical layers 5 
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and 6 of the motor cortex as specified by Wise and Jones (1978). The 
major neurons of origin were located in the contralateral cortex ( Fig. 3 A ) 
although some neurons in the ipsilateral cortex would also give off 
descending fibers ( Fig. 3 B ). Occasionally, one might find a few neurons 
in the medulla retrogradely labelled . These neurons were small in sizes 
and occupied a periventricular position. We believed that these neurons 
sent fibers down the dorsal white column with the dorsal corticospinal 
tract and probably represented the aberrant extrapyramidal pathways. 
On the whole, no motor neurons in the spinal cord levels above the 
insertion of the tracer was labelled, although a few small neurons were 
labelled occasionally at the levels immediately ( roughly 3-4 spinal 
segments up ) above the insertion of tracer. These small neurons were 
located at the base of the dorsal hom or the nearby intermediate zone 
area and probably represented intersegmental exchanges between 
adjacent spinal levels ( fasciculus proprius ). However, these cells could 




This schematic diagram shows the configuration of the major 
corticospinal tract in the rat. The major tract receives major 
contribution from the contralateral cortex. There is also a very 
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Fig. 2 
The figure (A) shows the position of the corticospinal tract at the 
lumbar spinal level of the rat (Brown 1971). 
Figure (B) shows the location of motor cortex in the rat (surface 
view of half brain). 
Figure (C) shows the motor cortex of the rat in one half transverse 
















These photographs were taken with the fluorescent microscope 
to show from Fluoro-Gold labelled neurons on cross sections 
of normal rat's motor cortex after implanting a gel with 
Fluoro-Gold at L3 level on the right half of the spinal cord. 
Photograph (A) shows the Fluoro-Gold labelled pyramidal neurons 
in the contralateral motor cortex. X 950 
Photograph (B) shows less Fluoro-Gold labelled pyramidal cells in 
the ipsilateral motor cortex. X 950 
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CHAPTER III. MATERIALS AND METHODS 
A. The experimental model 
One hundred and thirty four female adult albino rats ( one and a 
half months old ) weighing between 300-350 g were used and these were 
divided into 109 experimental rats and 25 controls. All rats were 
anesthetized with 2% Nembutal ( 50mg/kg ) intraperitoneally and 
laminectomy was performed to expose the dorsal surface of the first 
vertebral segment of the lumbar spinal cord. The meninges were cut 
open and the spinal cord was hemisected on right side at L3 spinal 
cord level ( equal to first vertebral segment of lumbar ) with a surgical 
blade. Grossly, the median dorsal artery of cord served as a landmark for 
the midpoint ( Fig. 4 A ). After the hemisection, 4 "o" silk thread was 
used to suture the muscles and skin of the lesioned areas. The animals 
were returned to the animal quarters where they were provided with 
access to food and water ad libitum. 
In order to ensure that the hemisection was complete, we used two 
methods to check. Firstly, we put a 0.2 cm x 0.2 cm piece of metal in the 
lesion of the spinal cord and took an X-ray ( Fig. 4 B ). If the X-ray 
showed that the metal piece reached the median point of the spinal cord, 
then the hemisection was taken to be complete. Secondly, we prepared 6 
longitudinal paraffin sections of the lesion area, and stained the 
sections with the Malloiy staining method ( Fig. 5 ). If we observed that 
the scar ( collagen ) extended from the surface to the central canal, the 
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hemisection was deemed to be complete. 
The hemisected animals were then separated into three groups. The 
group of animals that survived for one month was designated as group A, 
that surviving two months, group B and that surviving three months 
designated as group C. The unoperated control rats were designated as 
group O. 
B. Retrograde fluorescing tracer study to confirm sprouting 
Purpose of retrograde tracer study 
The objective of this experiment was to determine whether there was 
any sprouting of the corticospinal tract of the rat after hemisection of 
the spinal cord. The corticospinal tract is a long descending pathway. 
Fibers originate from the motor cortex and descend into gray matter of 
all levels of the spinal cord. If we cut the corticospinal tract at one level, 
the corticospinal tract will lose its connection below this level unless it 
has some form of sprouting. Therefore we chose retrograde tracer to 
investigate whether or not there was any sprouting after hemisection of 
the spinal cord. 
Basic principles of retrograde fluorescing tracer 
a) retrograde label technique 
In order to find out whether there was any sprouting after 
hemisection of spinal cord in the rat, we chose the retrograde label 
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technique. The corticospinal tract originates from pyramidal cells in the 
motor cortex and descends through the spinal cord in the dorsal white 
column. If we put the fluorescent dye in the dorsal part of the spinal 
cord, the dye would accumulate in the corticospinal fibers which, by 
retrograde transport, would carry it to the pyramidal cell bodies. 
Therefore we would be able to identify the positively labelled pyramidal 
cells in the motor cortex. 
b) retrograde fluorescent tracer 
In this study, we used two dyes, Fluoro-Gold (FG) and Rhodamine B 
(RB) as detectors. The tracers are known to bind to the neurofilament 
protein and neurotubule protein in the axoplasm of the axon and are 
transported retrogradely via the slow axoplasmic flow to the cell bodies. 
The tracers of (FG) and (RB) also have no transneuronal activity 
(Wessendorf 1991 ). When these dyes were introduced into the dorsal 
white column of the spinal cord at the position of the corticospinal tract, 
they would be taken up by the axons of the corticospinal tract and 
carried retrogradely to the pyramidal neurons in the motor cortex. The 
Fluoro-Gold labelled neurons would appear golden in color under the 
fluorescent microscope at 410 nm wavelength while the Rhodamine B 
labelled neurons would appear yellow at 580 nm wavelength. 
Experimental procedures 
Thirty-three rats were employed in the study. They were divided into 
four groups in the following manner: six for normal control rats, nine for 
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group A rats ( one month after hemisection )，nine for group B rats (two 
months after hemisection )，nine for group C rats (three months after 
hemisection). 
a) Preparation of fluorescent tracer 
The powder of (FG) or (RB) weighing 0.1 mg was mixed with 0.1 ml of 
distilled water and put into the gel foam. Gel foam was air dried and then 
cut into 1 (mm)2 small pieces to be stored in darkness at 4 � C until use. 
b) Implantation of gel foam with tracer 
Four rats each from A, B，C and O groups were anesthetized with 
2% Nembutal (50 mg/kg) intraperitoneally. Laminectomy was performed 
again to expose the dorsal surface of the third segment of lumbar spinal 
cord. A small area of the meninges about 3 mm below the hemisection 
side was cut open and a small piece of gel foam with (FG) or (RB) was 
implanted into the dorsal white column 1 mm deep from the dorsal 
surface of the spinal cord. Then, 4 "o" silk thread was used to suture the 
muscles and skin. After the implantation of the gel foam with (FG) or 
(RB), the animals were allowed to survive for two weeks, during which 
the fluorescent tracers would be transported into the pyramidal neurons 
of the motor cortex from the lumbar spinal cord. 
c) Preparation of the mounting media 
0.1 M of sodium carbonate solution ( pH 9.0 ) was added into 0.4 
mg/ml of phenylenediamine, and mixed with 6 times of glycerol. 
Because phenylenediamine was light sensitive, it had to be kept in the 
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dark and stored at 4 � C . The chemical has a shelf life not longer than one 
month. 
d) Preparation of the cortex and spinal cord sections 
After two weeks the rats were killed under perfusion through the 
left ventricles with 4% phosphate buffered paraformaldehyde. The brains 
and the spinal cords were dissected out and fixed further in 4% 
paraformaldehyde overnight. 
After the meninges were removed from the brain and spinal cord, 5 
mm thick portions of the motor cortex were taken from the middle one 
third of the brain, and 5 mm thick portions were also removed from the 
cervical, thoracic and lumbar levels above the hemisection from the 
spinal cord. These sections were washed three times in IM phosphate 
buffer. The tissues were cut at 100 |lI by a Vibrotome ( Campden 
instruments, UK ), put on to glass slides and mounted with mountant 
and kept in darkness. The slides were studied with a fluorescent 
microscope for the distribution of the labelled tracers in neurons, 
operating at 410 nm wavelength for identification of the (FG) labelled 
neurons and at 580 nm wavelength for the (RB) labelled neurons. 
C. Protagol silver study to detect axonal sprouting 
Purpose of protagol silver study 
Since preliminary studies indicate that some sproutings occurred 
through the hemisected region to areas below by retrograde tracer, this 
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protagol study was undertaken to confirm whether the sprouted nerve 
fibers actually travelled through the lesion and to the areas below. 
Because the neurofibrils inside the nerve possess argyrophilic activity 
(Cajal, 1907 )’ the Bodian's protagol silver method was employed as the 
method of choice to demonstrate the nerve fibers . 
Basic principle of the protagol silver staining 
Protagol is a brand name of silver proteinate which was made from 
partially hydrolyzed protein. Since the nerve tissue has argyrophilic 
activity, so the silver compound can deposit on the neurofibrils of the 
nerve fibers. Subsequently they can be reduced to visible metallic silver 
by the action of reducing agents. Under the light microscope the black 
color of the neurofibrils in the nerve fibers is demonstrated clearly. 
Experimental procedures 
Eleven rats were employed in this study, consisting of two from 
group O ( normal control rats )’ three from group A rats ( one month after 
hemisection )，three from group B rats (two months after hemisection )， 
and the rest three from group C rats (three months after hemisection )， 
respectively. 
a) Preparation of protagol silver staining solution 
1% protagol solution was prepared by sprinkling 1.0 gm of protagol 
on the surface of 100 ml distilled water, and allowing it to remain 
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undisturbed until it was dissolved. 
b) Preparation of the spinal cord sections 
Four groups of rats were killed by perfusion through the left 
ventricles with 10% buffered neutral formalin after anesthesia with 2% 
Nembutal ( 50 mg/kg ) intraperitoneally. One block of spinal cord about 
0.5 cm long around the lesion site was dissected out from these rats and 
fixed in 10% formalin for two days. Then, they were dehydrated with a 
graded series of alcohol, cleared in xylene and embedded in paraffin. Six 
[L longitudinal paraffin sections were cut by a microtome. After that all 
the paraffin sections were put on the glass slides and kept at 37° C. 
c) The procedure of Bodian's method 
The longitudinal spinal cord sections were deparaffinized and 
hydrated from alcohol to distilled water. The sections were placed in 1% 
aqueous solution of protagol containing 6 gm ( per 100 ml of solution ) of 
metallic copper for 48 hours at 37° C. After that the slides were rinsed 
three times with distilled water and put into the reducing solution 
(Hydroquinone 1 g + 37% Formalin 5 ml. + distilled water 100 ml) for 
10 min. The slides were washed with distilled water three times and 
toned in 1% gold chloride solution for 10 min. They were developed in 
2% oxalic acid solution under the microscope until the background was 
gray and nerve fibers appeared clearly in about 3-5 min. The slides were 
washed again to remove residual silver salts with 5% aqueous solution of 
sodium thiosulfate for 5 min. The section were dehydrated in graded 
alcohol and cleared in j^lene and coverslipped with permount. 
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D. Chromatolysis study to prove the sprouting 
Purpose of chromatolysis study 
In order to substantiate any finding of sproutings by the retrograde 
tracers and protagol silver techniques, the traditional method of 
chromatolysis was performed. 
Basic principle of chromatolysis staining 
Chromatolysis is a classical phenomenon which was documented 
experimentally in animals by Paul Glees in 1961. It has been a technique 
well used by neuroanatomists in tracing the neurons of origin. The logic 
of this technique is that two weeks after cutting the axons, the cell 
bodies of the neurons will show certain degenerative changes for a short 
period of time ( eg. two weeks ). 
a) Chromatolysis 
Nissl's bodies are conspicuous components of the nerve cells. The 
normal neuron has a central nucleus, nucleolus and a lot of granular 
endoplasmic reticulum ( Nissl bodies ) which shows important changes 
under certain pathological conditions. If the axons of the neurons were 
damaged, Nissl bodies would become dispersed into clumps and lose the 
discrete appearance. Later the cell body not only had clumping of Nissl 
substances, but also had eccentric nucleus. At the same time the cell 
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body could be swollen. Finally normal Nissl bodies either reappeared in 
the damaged cell body, or the cell degenerated and the Nissl bodies 
disintegrated ( Fig. 6 ). This sequence of changes is called "chromatoly-
sis", and is useful in assessing neuronal damage. 
b) Basic aniline dye 
The basic aniline dyes are valuable nuclear stains and are 
subdivided into several groups, such as azure B, gallocyanine. They bind 
to ribonucleic acid and show a blue color under the microscope. 
Ultrastructurally, the Nissl bodies are associated with granular 
endoplasmic reticulum, which are composed primarily of RNA and 
protein. They are sharply stained by basic aniline dyes which are bound 
to the RNA of Nissl's substances. When the axon of neuron was dam-
aged, the cell body of this neuron would exhibit a pattern of clumping, 
finally disappearing under the microscope. 
Experimental procedures 
a) Preparation of the experimental rats 
Six rats were used in this segment of the investigation. Two rats 
from group O normal control rats, and four rats from group B were used. 
The B group rats had been hemisected two months previously. Only 
animals hemisected for two months were used since preliminary studies 
showed intense sprouting at this stage. The animals received a second 
hemisection again at the same spinal cord level ( L3 ) as before under 
anesthesia, and were allowed to survive for two more weeks for chroma-
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tolysis to become evident. 
b) Preparation of Azure B staining solution 
twenty-five mg per 100 ml of Azure B were dissolved in McLIvaine's 
buffer ( 24.6 ml 0.1 M citric acid and 15.4 ml 0.2 M K^ HPO^) at pH 4.0. 
c) Preparation of the cortex and spinal cord sections 
After two weeks of survival postsurgery, the rats were killed by 
perfusion through the left ventricles with 10% formalin following 
anesthesia with 2% Nembutal ( 50 mg/kg ) intraperitoneally. The brains 
and the spinal cords were taken from these rats. 
The meninges were removed from the brain and spinal cord, and one 
0.5 cm block of tissue each was taken from the middle one-third of the 
motor cortex, and from the cervical, thoracic and lumbar levels above 
the hemisection area of the spinal cord. All these specimens were fixed 
with 10% formalin overnight, dehydrated in graded alcohol and cleared 
in xylene and finally embedded in paraffin. Six micron thick paraffin 
cross section form these tissue specimens were cut by a microtome, put 
on the glass slides and kept at 37° C. 
d) The procedure of Azure B staining 
The paraffin sections of the motor cortices and cervical, thoracic 
and lumbar levels of spinal cords were deparaffinized, and hydrated 
from graded alcohol to distilled water. The sections were placed in 
Azure B solution for 2 hours at 37�C. The slides were washed three 
times with distilled water and passed directly to tertiary butyl alcohol for 
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12 hours. After that, the sections were dehydrated in graded alcohol and 
cleared in xylene, and finally mounted with permount. 
E. Degenerating silver study to detect where sprouting might have 
come from 
Purpose of degenerating silver study 
Preliminary observations had indicated there were indeed some 
sproutings in the spinal cord of the rats after hemisection. The aim of 
this segment of the study was to find out where the sprouting fibers had 
come from. Did they come by way of the contralateral and \ or ipsilateral 
side of the spinal cord ？ What was the relative proportion going through 
each ？ To answer these questions, the Nauta-Gygax degenerating 
silver technique was employed. 
Basic principle of Nauta-Gygax degeneration silver method 
a) Degenerating silver staining 
Nauta - Gygax degenerating silver technique was a classical 
technique for degenerating axon terminals, which was discovered by 
Ramon y Cajal and modified by Nauta and Gygax ( Luna, 1969 ). 
b) The logic of degenerating silver study 
This technique involved the cutting of the axons and tracing the 
fibers distal to the cut. When the nerve axon was cut, the axon distal 
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to the lesion would degenerate. With the use of the silver technique, the 
degenerating axon terminal could be followed since it would pick up 
silver to from black silver grains. Such degenerating silver grains 
appeared two weeks after lesion and lasted up to one year after lesion. 
The number of silver grains per unit area could then be counted in the 
ventral horn Rexed layer IX ( motor cell column) below the hemisection. 
From the results of the silver grain counts, we could interpret which 
side the sproutings came through and what was the relative proportion. 
The rationale of the experimental approaches was summarized in Fig. 7. 
Experimental procedures 
Since preliminary studies indicated that axanal sprouting occurred 
most profusely in the rats two months after hemisection, we chose 10 
experimental rats two months after hemisection as well as 5 control rats 
for this study. Two separate experiments were performed. 
a) Preparation of the experimental model 
In the first experiment. 5 experimental rats two months after 
hemisection ( on right side at L3 spinal cord level) were anesthetized 
with 2% Nembutal ( 50 mg/kg ) intraperitoneally. Laminectomy was 
performed to expose the dorsal surface of the third segment of lumbar 
spinal cord. The meninges were cut open and a second hemisection was 
done on the left side of the spinal cord, 3 mm above the first 
hemisection area. The muscles and skin of the lesioned area were 
sutured. . 26 
In the second experiment, 5 experimental rats the same as above 
were used. But the second hemisection was done on the right side at the 
same area as the first hemisection. The lesion area was closed by 4 "o" 
silk threads. 
These experimental rats were allowed to survived for another two 
weeks for the degenerating fibers to become apparent. Five rats served 
as control and no hemisection was done on them. 
b) Preparation of the spinal cord sections 
After two weeks, all 15 rats were killed and perfused through the 
left ventricle with 10% buffered neutral formalin following Nembutal 
anesthesia. 0.5 cm cross sections of the spinal cords were taken from 
below each of the two second cut areas in the two experimental groups of 
rats and below the first cut area in the first experimental group of 
animals (ie. areas A,B and C in Fig. 7 ) A blue mark was made on the 
sections to identify the first side of the first hemisection in animals that 
had hemisection of both sides. 
These sections were embedded in the OCT compound and frozen in 
liquid nitrogen. Frozen sections at 25 \i thick were cut with a cryostat 
�Bright, U.K)’ and collected in 10% formalin. 
c) Preparation of ammoniacal silver nitrate solution 
The solution wa^ prepared by dissolving 0.9 gm silver nitrate in 
20 ml of distilled water. Ten ml absolute alcohol, 1.8 ml ammonium 
hydroxide, and 1.5 ml of 2.5% sodium hydroxide were added and mixed. 
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d) The procedure of Nauta-Gygax degeneration silver method 
The frozen sections were put into 15% alcohol solution for 15 min. 
and then washed in distilled water. The sections were changed into 0.5% 
phosphomolybic acid for 1 hour and without washing, placed in 0.05% 
potassium permanganate solution for 7 min. The sections were rinsed in 
distilled water and decolorized in hydroquinone-oxalic solution ( 1% 
aqueous hydroquinone 25 ml + 1% aqueous oxalic acid 25 ml). After 
rinsing in distilled water 4 times, the sections were put into 1.5% silver 
nitrate solution for 30 min., after which they were rinsed in distilled 
water. After this point the sections were transferred individually into 
ammoniacal silver nitrate solution for 1 min.and floated out evenly on 
the surface of reducing solution ( distilled water 400 ml + 100% alcohol 
45 ml + 10% formalin 13.5 ml + 1% aqueous citric acid 13.5 ml) for 1 
min. and washed in distilled water. The sections were transferred into 
sodium thiosulfate solution for 1 min. and were rinsed in distilled water 
again. Then they were dehydrated in graded alcohol and cleared in 
xylene. Finally the sections were mounted with permount. 
Pictures of the ventral horn Rexed layer IX were taken with a Zeiss 
photomicroscope and the number of the silver grains was counted in 50 
random areas of 8.3 阿2 at magnification of a 300 X. 
F. Cytochrome oxidase study to evaluate the cytochemical change 
of the motor neuron after hemisection 
Purpose of cytochrome oxidase study 
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From our other studies, there were indications that some sprout-
ings occurred coming from higher centers of the spinal cord after 
hemisection. The next question we wanted to ask, were these fibers 
functional or not ？ If they were, cutting the newly sprouted descending 
axons would produce transneuronal changes in the motor neurons of the 
spinal cord. We had chosen cytochrome oxidase as an index. 
Basic principle of the cytochrome oxidase study 
Cytochrome oxidase 
Cytochrome oxidase is an enzyme of the respiratory chain. It is 
closely bound to the structure of the mitochondria. The cytochrome 
oxidase plays an important role in cellular respiration.In any 
pathological condition the activity of cytochrome oxidase would be 
affected. 
Experimental procedures 
Fifteen rats were used in this study, they came from O, A, B and C 
groups of rats. 
a) Preparation of incubation medium 
The medium was prepared by adding 50 mg diaminobenzidine (DAB) 
to 90 ml 4% sucrose phosphate buffer. Before incubation started, 25 mg 
cytochrome_C were dissolved into the DAB solution. 
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b) Preparation of the experimental model 
Two studies were performed. Three rats were used in the first 
study. They came from group C of the experimental rats. They all 
received a second hemisection on the left contralateral side of the 
spinal cord 2 mm above the first hemisection area. The procedure of the 
operation was the same as before. 
In the second study, the other 9 rats of grom groups A,B and C did 
not receive a second hemisection. Three unoperated rats served as 
controls. 
c) Preparation of the spinal cord sections 
Two weeks after the second lesion, all 15 rats were perfused 
though the left ventricle with 4% paraformaldehyde under anesthesia 
with 2% Nembutal ( 50 mg/kg ) intraperitoneally. A 0.5 cm cross section 
of the spinal cords below the lesions area was taken from the rats, using 
indian ink to mark the side of the first hemisection. 
These sections were embedded in the OCT compound and frozen in 
liquid nitrogen. Frozen sections 15 |i thick were cut with the ciyostat 
(Bright, U.K ) and mounted directly upon subslides. The cryostat 
sections were air dried and kept in the freezer and wrapped in 
polyethylene bag. 
d) Procedure of cytochrome oxidase staining 
The cryostat sections were rinsed with 0.1 M phosphate buffer 
pH 7.4 ( 0.2 M aqueous NaHa PO^ 95 ml + 0.2 M aqueous Na�HPO^ 
405 ml + distilled water 500 ml). These sections were incubated in the 
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incubation medium at 37° C for 4 hours. After that the sections were 
washed with 0.1 M phosphate buffer and dehydrated in graded alcohol, 
cleared in jgrlene and cover-slipped with permount. 
G. Labelled uptake studies to assay the biochemical changes after 
hemisection 
Purpose and principle of labelled uptake studies 
The purpose of this study was the same as the cytochrome oxidase 
study, that is, to determine whether the sprouting fibers were functional 
after hemisection. The labelled uptake method was used to evaluate the 
biochemical changes. 
a) labelled choline 
Choline is a major component of acetylcholine. So the labelled 
choline can be used to reflect the transmitter acetylcholine activity. 
b) Labelled leucine 
Leucine is one of the major amino acid in the protein of the cell. The 
labelled leucine can be used to reflect the general protein metabolic 
activity. 
c) The method of labelled uptake 
The labelled uptake method involved culturing the tissue specimens 
with radioactive isotopes medium, whereby the isotope would bind to the 
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target region. The radioactivity in the cell was counted by the 
scintillation counter. In this study, tritiated choline and tritiated 
leucine were used as the radioactive labels. 
Experimental procedure 
Thirty-five rats were used in this study and they came from the A, B, 
C and O groups. Ten rats from each experimental group and 5 rats from 
the normal control group were used. 
a) Preparation of the tissue specimen 
All the experimental rats were killed with an overdose of 2% 
Nembutal ( 150 mg/kg ) intraperitoneally. The spinal cord of each rat 
was exposed by laminectomy. The spinal cord tissues below the 
hemisection area were dissected out and cut into 2 mm^ small pieces 
and put into Hank's solution ( Sigma, USA). 
b) Preparation of the tritium culture medium solution 
Twenty (20) ml of Hank's solution ( Sigma, USA) were mixed with 20 
uCi 3 H choline. 
Another 20 ml of Hank's solution ( Sigma, USA) were mixed with 20 
uCi 3 H leucine. 
c) Preparation of scintillation solution 
The cocktail was prepared by mixing 12 g of 25-Diphenyloxazole 
(PPO ) with 1.4- bis [ 2-( 5-phenyloxazolyl) ] benzene ( POPOP ). The 
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mixture was put into 2 liters of toluene in a brown bottle and stirred for 
about three hours. Then 1 liter of triton X 100 was added and stirred for 
one hour. 
d) Procedure of labelled uptake 
The small pieces of spinal cord tissue were transferred from Hank's 
solution separately to tritiated choline culture medium or to tritiated 
leucine culture medium for the respective studies. They were cultured for 
30 min. at 37�C with oxygen. After incubation, the spinal cord tissues 
were washed in Hank's solution four times and dried by the freeze dryer 
overnight. Then the dry weights of the spinal cord specimen were 
obtained. 
Individual dry specimens were added 1 ml of 0.02 M ofTris buffer 
(6.1 gTris buffer + 50 ml distilled water + 37 ml of 1 N Hydrochloric acid 
+ distilled water made up to the total volume of 1 liter, pH 7.6 )， 
sonicated by an ultrasonificator ( Model no. W 200-R ) and centrifuged 
(Model no. MR 14.11 Jouan ) at 11500 rpm for 15 min. The supernatant 
was taken out and added with ten times scintillation solution. The 
radioactivity of the supernatant was counted with a scintillation counter 
(Beckman. DB )• Each tube was counted for 10 min. and the result 
adjusted to per minute per mg.dry weight (Fig. 8 ). 
H. The Raman spectroscopy study to detect protein change after 
the hemisection. 
Purpose of Raman Spectroscopy study 
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Since ancillary studies indicate biochemical changes in the spinal 
cord after hemisection, we aim to study possible alteration in protein 
configurations of the spinal cord after lesion and sprouting with Raman 
spectroscopy. Raman spectroscopy is a new biophysical tool used to 
detect the groups and bondings of the protein structure. It is very 
useful to detect the conformation of individual polypeptide chains 
(secondary structure ) and structural interaction between two or more 
polypeptide chains (tertiary structure). 
Basic principle of the Raman spectroscopy 
Raman spectroscopy 
Raman spectroscopy makes use of a parallel light source ( usually an 
Argon laser source, Fig. 9 ) which will emit parallel and in phase light 
beams. These beams, upon hitting the protein structure will result in 
stretching and vibration. Such stretching and vibration will scatter the 
incoming light. The scattering intensity and the frequency ( unit wave 
number per cm ) will be recorded by a photomultiplier tube. The result 
can be compared with known frequencies of groups and conformational 
frequencies as put forward in the literatures. 
Experimental Procedure 
Preparation of the spinal cord specimens 
Eight rats were employed in this study. Of these, 2 rats each were 
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taken from groups A, B, C of experimental rats, which had been 
hemisected for one, two, three months respectively. The spinal cord 
below the hemisections was dissected out and cut into 1 (mm)^ pieces. 
These specimens were suspended into the 0.9% normal saline. Tissues 
from the spinal cord of 2 control (normal) rats were used for comparison 
studies. 
The spinal cord specimens were subjected to the Raman scattering 
by using a Raman spectroscopy set up ( Spex 1403，U.S.A ) at the city 
polytechnic, H.K. 
I. study on preferential growth of sprouts into spinal cord or 
peripheral nerve graft 
This experiment aimed at answering the question of whether the 
sprouting preferred to go into a peripheral nerve graft implanted in the 
hemisected spinal cord, or to the spinal cord below the hemisection. The 
study was also intend to show whether peripheral nerve would have a 
stimulatory effect on the sproutings. 
Basic principle of this study 
It was postulated that the peripheral nerve system has promoting 
factors which would enhance sprouting ( Richardson et al. 1980, David 
and Aguayo 1981 ). If this is so, one will see more sprouting fibers 




a) Preparation of the peripheral nerve graft 
The sciatic nerve was used as the peripheral nerve graft in this 
study. A section of the main trunk of sciatic nerve, measuring 1.2 cm 
long, ( Fig. 10 A ) was taken from the same experimental rat at the 
right side of the leg and kept in moist condition. 
b) The suturing procedure 
Six experimental rats were anesthetized with Nembutal and 
laminectomy was performed to expose the dorsal surface of the third 
vertebral segment of the lumbar spinal cord. The menginges were cut 
open and the spinal cord was hemisected on the right side. Three of the 
six rats had only hemisection ( Fig. 10 B ).The other 3 rats immediately 
after hemisection, a sciatic nerve segment taken from the same rat was 
sutured onto the spinal cord ( Fig. 10 C ). The rostral part of the sciatic 
nerve graft was sutured right above the hemisection area epidurally in 
the dorsal column with 10 "O" suture. The caudal part of the sciatic 
nerve graft remained free. A 4 "O" silk thread was used to suture the 
muscles and skin of the lesioned area. These operated rats were allowed 
to survive for five months in order for the sprouting to develop fully. 
c) Implantation of fluorescent tracer 
The preparation of the fluorescent gel foam was the same as 
described before. The retrograde tracer technique was used in this 
. 36 
experiment again. After five months, in the rats with only hemisection of 
the spinal cord, a small piece of the gel foam with FG was implanted into 
the dorsal white matter 1 mm deep from the dorsal surface of the spinal 
cord below the hemisection. 
In the rats that had hemisection and were sutured with a sciatic 
nerve, a small piece of the gel foam with FG was implanted onto the end 
of sciatic nerve graft. 
After a period of two weeks during which the FG tracers were 
transported retrogradely to the pyramidal cells of the motor cortex, the 
rats were killed. A slab of motor cortex was removed and 100 [l sections 
were cut with a vibratome. The sections were put on to the glass slides 
and mounted with mountant. Individual slides were studied for the 
presence and distribution of FG labelled neurons with a fluorescent 
microscope set at 410 nm wavelength ( Fig. 11). 
J. Study on target specificity of sprouting fibers 
Purpose of target specificity 
In the central nervous system, the nerve innervation to a target is 
usually programmed and is specific. In here, we wish to see if this is also 
true for sprouting fibers after injury. 
Principle of target specificity study 
The motor nerve fibers usually go to their target tissue the muscles. 
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If the sprouting is functional, it has to grow into the muscles. Therefore 
we chose a piece of muscle and a piece of connective tissue and suture 
them onto the spinal cord after the hemisection. 
Experimental procedures 
a) preparation of the muscle and connective tissue grafts 
Pieces of muscle measuring 4 ( mm were isolated from the spinalis 
muscle around the hemisection area in half of the experimental rats, 
and 4 ( mm f pieces of connective tissue were also taken from around 
the hemisection area in the other half of the experimental rats. These 
tissues were kept in moist condition for grafting. 
b) The suturing procedure 
Two groups, each consisting of 6 rats, were used in this study. Both 
groups of the rats were hemisected and a sciatic nerve segment was 
sutured above the hemisection in each case. The operation procedure 
was the same as previously described. In the first group of rats, the 
caudal part of the sciatic nerve graft was sutured to a piece of muscle 
(Fig. 12 A) . In the second group of rats, the caudal part of the sciatic 
nerve graft was sutured to a piece of connective tissue ( Fig. 12 B ). 
These rats were allowed to survive for five months in order that the 
sprouts could fully develop. 
c) The implantation of fluorescent tracer 
After five months, the hemisected spinal cord was surgically exposed 
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again for the introduction of FG tracers, as described previously. In the 
first group of rats, the gel foam with FG was put into the muscle. In the 
second group, the gel foam with FG was put into the connective tissue. 
After a period of two weeks for the fluorescent tracers be transported to 
the pyramidal cells, the animals were sacrificed, and 100 |LI sections of 
the motor cortices were cut and the tissues were mounted for 
observation with the fluorescent microscope (Fig. 13 ). 
K. Study on the behavior of the hemisected rats 
This segment of the study consisted of making observation on the 
alteration of motor function, such as behavioral changes, walking 
impairment. 
A Videocamera was used to record the walking gaits of the rats 




Picture (A) was taken from an experimental rat showing the 
hemisection of the spinal cord (arrow) at L3 spinal level by surgi-
cal blade (B). (D) denotes dorsal median artery which acted as a 
landmark. X 24 
Picture (B) is a X-ray photograph showing that the hemisection 
was complete. A piece of metal (arrow) was put in the lesion to 








This photomicrograph was taken from a Mallory trichrome 
stained cross section of a spinal cord of the rat three months after 
hemisection. Note the presence of collagen fibers (arrow) going all 
the way from the surface of the spinal cord (S) to the central canal 
(C). X500 
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Fig. 10 
Picture (A) shows a sciatic nerve segment used in the peripheral 
graft which was taken from the rat at right side of the leg. X 8 
Picture (B) shows the right side hemisected spinal cord of a rat. 
S = spinal cord; arrow indicates hemisected area. X 7 
Picture (C) shows a sciatic nerve segment which has been sutured 
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Fig. 12 
Picture (A) shows the hemisected spinal cord of a rat, exposing 
the caudal part of the sciatic nerve graft which was sutured to a 
piece of a muscle. X 6 
Picture (B) was taken from an experimental rat showing the 
caudal part of the sciatic nerve graft was sutured to a piece of 
connective tissue. X 6 
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CHAPTER IV. RESULTS 
A. Examination of the sprouting 
1. Results of the retrograde fluorescent tracer study 
a) The pattern one month after hemisection 
It was apparent that there were very few retrogradely labelled 
neurons in the pyramidal layers of the motor cortices of the albino rat 
one month after lesion. Only a few labelled cells were present in the 
contralateral motor cortex ( Fig. 14 A ) and the ipsilateral motor cortex 
(Fig. 14 B ) showed a few more labelled cells than the contralateral 
motor cortex. 
However, in the sections of the thoracic spinal cord levels of both 
sides above the lesion, a large number of labelled neurons was present. 
Of particular interest was that many of these labelled neurons were large 
in sizes and were situated in the ventral hom area ( Fig. 15 )• 
b) The pattern two months after hemisection 
Two months after lesion, large numbers of labelled pyramidal 
neurons were found in both the ipsilateral and contralateral motor 
cortices ( Fig. 16 )• There appeared to be more labelled cells in the 
contralateral ( Fig. 16 A ) than the ipsilateral cortex ( Fig. 16 B ), a 
.. 50 
situation different from one month after hemisection. 
Many labelled neurons were seen in the spinal cord levels of both 
sides above the lesion. These labelled neurons were found all the way 
from the thoracic to the cervical levels, situated in the ventral hom area 
and the intermediate zone ( Fig. 17 )• 
c) The pattern three months after hemisection 
Three months after lesion, there were less conspicuously 
labelled neurons in both the ipsilateral and contralateral motor 
cortices ( Fig. 18 A,B ). Similarly, there were less positive labelled neurons 
on both sides of the spinal cord above the lesion ( Fig. 19 ). 
A summaiy of the retrograde tracing study was depicted in table 1. 
2. Result of protagol silver study 
The protagol silver technique displayed well impregnated fibers in 
the longitudinal sections of the dorsal white column in the normal spinal 
cord ( Fig. 20 A). 
One month after lesion, very few nerve fibers could be seen 
traversing through the lesion . We only found many small cavities in the 
lesion area. 
Two months after lesion, an appreciable amount of silver 
impregnated nerve fibers were found traversing through the lesion to 
lower levels of the spinal cord ( Fig. 20 B ). This was less in number when 
compared with control. 
Three months after lesion, silver impregnated fibers were still 
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observed traversing through the lesion to lower levels of the spinal cord 
but were less in number than those in the animals two months after 
lesion. Many of the fibers also appeared to be disoriented ( Fig.20 C ). 
3. Result of chromatolysis study 
Control cortex and spinal cord showed no chromatolytic neurons. 
(Fig. 21 A’C )• 
The chromatolytic cells in the motor cortices of the rat two months 
after lesion were less typical than those from textbooks. Although 
shifting of nuclei were features, the disintegration of Nissl's bodies 
were less typical and they showed homogeneous patches of staining 
instead ( Fig. 21 B ). 
Chromatolytic cells were observed bilaterally at thoracic and cervical 
levels of the spinal cords two months after lesion ( Fig.21D). These cells 
in the spinal cords were mainly large sized ( motor ) neurons displaying 
typical shifting of nucleus and clumping or disintegration of Nissl's 
bodies. 
4. Result of degenerating silver study 
In the normal control rats, we could not find any black silver grains 
in the spinal cord below the lesion ( Fig. 22 A). 
There were many black silver grains in the spinal cord in both the 
two groups of the experimental rats ( Fig. 22 B ). 
When we selected at random 50 areas of ventral hom Rexed layer IX 
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of the spinal cord for counting the number of silver grains per 8.3 We 
found that in the first group of experimental rats, there were more silver 
grains below the first hemisection ( area A ) than below the second 
contralateral hemisection ( area B ) in the ventral horn Rexed layer IX 
(Fig. 23 )• 
In the second group of experimental rats, there were more silver 
grains below the first hemisection ( area A ) than below the second 
hemisection ( area C ) of the same area two months later ( Fig. 24 ). 
B. Estimation of biochemical changes 
1. Result of cytochrome oxidase study 
There was a decrease in cytochrome oxidase activities in the 
ventral horn cells below the lesion one month after hemisection when 
compared with control ( Figs. 25 A, B ), as a result of denervation of 
the upper motor pathway. Subsequently, the enzyme activities in the 
ventral hom cells increased again to around normal levels two to three 
months after the lesion ( Fig. 26 A). 
Two to three months later, when a contralateral second lesion was 
made at level slightly higher than the first lesion and compared with a 
second ipsilateral lesion at same level as the first lesion on the 
cytochrome oxidase activities in the motor neurons of the same area 
below the initial lesion, it appeared that the motor neurons in that area 
had more activities in the rats with second ipsilateral cut ( Fig. 26 B ) 
than rats with contralateral second cut ( Fig. 26 C ). 
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2. Result of labelled uptake study 
a) Labelled choline 
Study on the labelled choline uptake revealed a decrease in the 
uptake in the spinal cord below the lesion one month after hemisection , 
but two to three months after hemisection labelled choline uptake 
returned to levels comparable to normal controls ( Fig. 27 ). 
b) Labelled leucine 
Studies on the labelled leucine uptake failed to register any changes 
in the spinal cord below the lesion after hemisection. We could not find 
any significant difference between the control and the lesioned sides 
(Fig.28). 
3. Result of Raman spectroscopy study 
Raman spectroscopy revealed a change of the protein tereostructure 
(secondary and tertiary conformation ) as revealed by the loss or shifting 
of amide I and amide III peaks. For example, these was no 1648 peak in 
amide I peaks of the rats after hemisection and the amide III 1254 
peak was also not apparent in the experimental rats ( Fig. 29 ). 
C. Result on preferential growth of sprouts into the spinal cord or 
the peripheral nerve 
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Comparison studies of retrograde tracers placed below the lesion or 
at the end of the peripheral nerve revealed no difference in the intensities 
of labelled neurons in the motor cortices in both cases ( Fig. 30 A，B ). 
D. Result of target specificity study 
Positive cells were observed in the motor cortices of both groups of 
experimental rats, regardless of whether a piece of muscle or a piece of 
connective tissue was sutured to the spinal cord. In spite of a slight 
difference in the abundance of positive cells, their presence in both groups 
indicate that the sprouting fibers were not target specific ( Fig. 31 A’B ). 
In both this case and the former case (section C), the positive 
labelling in the cortical neurons was not as good as in animals that had 
only hemisection. This was probably due to the fact that these animals 
survived much longer ( 5 months after hemisection) than the previous 
groups. Although the longer period of survival was intended to allow 
more time for sprouting fibers to reach to the targets, the prolongation 
might result in the retraction of some sprouted fibers, as well as 
certain changes in the axonal transport of the sprouted axons. 
E. Changes in the walking ability 
The ability of the animals to walk after hemisection was recorded on 
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video and depicted in the films trips ( Fig. 32 ). It was evident that the 
lower limb on the hemisected side had no movement at all two days after 
hemisection, some movement at one month but drastically improved 
function two to three months after hemisection. However, there were 
still no fine toe movements and the feet appeared dragging. 
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Fig. 14 
These photographs were taken with the fluorescent microscope to 
show Rhodamine B labelled cross sections of motor cortex one 
month after hemisection. Rhodamine B tracer was applied about 3 
mm below the lesion side. 
Figure (A) shows the Rhodamine B labelled pyramidal neurons 
(arrows ) in the contralateral motor cortex. Note the sparsity of 
labelled neuron. X 950 
Figure (B) shows Rhodamine B labelled pyramidal neurons in the 
ipsilateral motor cortex of the same animal as above. Note 
presence of a few labelled neurons. X 950 
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Fig. 15 
This photograph shows Fluoro-Gold filled neuronal cell bodies in 
the thoracic spinal cord above the lesion side of a rat one month 
after hemisection. The tracer was introduced about 3 mm below 
the lesion side. Many of the positive cells were motor neurons 
(arrow). X 2000 
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Fig. 16 
These photographs were taken with the fluorescent microscope, 
showing Fluoro-Gold labelled cross sections of the motor cortex of 
a rat two months after hemisection. The tracer was introduced 
about 3 mm below the lesion side. 
Photograph (A) shows Fluoro-Gold filled pyramidal cells in the 
contralateral motor cortex . X 950 
Photograph (B) shows Fluoro-Gold filled pyramidal cells in the 
ipsilateral motor cortex of the same animal as above. Note that 
the number of positive cells was less than the contralateral motor 





. I r 
. . . ‘ . v . - � 
Fig. 17 
This photograph shows Fluoro-Gold filled cells in the thoracic and 
cervical levels of the spinal cord in a rat two months after hemi-
section. The tracer was introduced to the spinal cord about 3 mm 
below the hemisection side. Note that many positively labelled 
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Fig. 18 
These photographs were taken with the fluorescent microscope, 
showing Fluoro-Gold labelled cross sections of the motor cortex of 
rat three months after hemisection. The tracer was put about 3 
mm below the lesion side. 
Photograph (A) shows Fluoro-Gold filled pyramidal cells in the 
contralateral motor cortex. Note that the number of positive cells 
was less than that 2 months after hemisection. X 950 
Photograph (B) shows Fluoro-Gold filled pyramidal cells in the 
ipsilateral motor cortex of the rat same as above. The number of 






This photograph shows the Fluoro-Gold filled neurons of spinal 
cord at the cervical level of the rat three months after 
hemisection. The tracer was put about 3 mm below the lesion 
side. Note that the number of positive cells was less than in rats 
two months after hemisection. X 950 
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SUMMARY 
Cortex Spinal cord 
Cervical Thoracic 
ipsi contra ipsi contra ipsi contra 
Control ++ +++ - -
2 weeks - - - -
1 months 士 ？ - - - -
2 months + ++ + + + + 
3 months + + ± ± 士 土 
with 200 X magnification 
？ = 1 to 3 positive cells per field 
+ = 4 to 10 positive cells per field 
+ = 11 to 40 positive cells per field 
++ = 41 to 100 positive cells per field 
+++ = over 100 positive cells per field 
"+" in 2 months group had more positive cells 
than "+" in 3 months group. 
This table summaries the results of retrograde tracing of 5 groups 
of rats: the control, and those 2 weeks, one month, two months 
and three months after hemisection. 
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Fig. 20 
These photomicrographs were taken from Protagol silver stained 
longitudinal sections of spinal cord at lumbar level. 
Picture (A) shows normal silver impregnated nerve fibers (arrow) 
passing through the corticospinal tract. XI200 
Picture (B) shows silver impregnated nerve fibers (arrow) growing 
through the lesion to the area below in a rat two months after 
hemisection. Phagocytic cells can be seen around these fibers. 
X1200 
Picture (C) shows silver impregnated nerve fibers (arrow) passing 
through the lesion to the area below in a rat 3 months after 
hemisection. Many of these fibers had lost their orientation and 




These photomicrographs were taken from cross sections of motor 
cortex and spinal cord stained with Azure B. 
Picture (A) shows a normal pyramidal neuron (arrow) in the motor 
cortex. X1200 
Picture (B) shows chromatolytic pyramidal neurons (arrows) in 
motor cortex of the rat two months after hemisection. XI200 
Picture (C) shows a normal motor neuron (arrow) in the ventral 
hom of the spinal cord. X1200 
Picture (D) shows chromatolytic motor neurons (arrows) in the 
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These photomicrographs were taken from Nauta degenerating 
silver staining of cross sections of spinal cord. 
Picture (A) shows normal ventral horn of the spinal cord without 
degenerating silver grains. X 300 
Picture (B) shows a lot of degenerating silver grains (arrow) in the 
ventral horn of the spinal cord below the lesion one month after 
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Fig. 23 
This histogram compares the number of degenerating silver grains 
per unit area in the ventral horn Rexed layer IX below the 
hemisection of the ipsilateral (A) and contralateral (B) sides of the 
spinal cord at L3 spinal cord level. The data are obtained from rats 
two months after hemisection. 
n = number of areas counted. 
A = area ipsilateral and below lesion. 
B = area contralateral and below lesion. 
Note the numbers of silver grains per unit area in A is larger than 
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This histogram compares the number of degenerating silver grains 
per unit area in the ventral hom Rexed layer IX of the spinal cord 
below initial lesion (A) and that below the second time lesion (C) 
in the same area. The data are obtained from rats two months 
after hemisection. 
n = number of area counted. 
A = area below initial lesion 
C = area below second time lesion of the same area. 
Note the numbers of silver grains per unit area in A is larger than 
in C. P< 0.05 (t test). 
68 
Fig. 24 
Ventral Horn Rexed Layer IX 
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A (n=50) C (n=50) 
Region 
Fig. 25 
These photomicrographs show cytochrome oxidase activity on 
cross sections of the ventral hom of the rat's spinal cord. 
Picture (A) shows cytochrome oxidase activity (arrow) in the motor 
neurons of the control animal. X 1200 
Picture (B) shows cytochrome oxidase activity of motor neurons in 
ventral horn below the lesion one month after hemisection. 
X1200 




These photomicrographs were taken to show cytochrome oxidase 
activity on cross sections of spinal cords in ventral hom below the 
lesion three months after hemisection. 
Picture (A) shows the heavy cytochrome oxidase activity (arrow) 
three months after hemisection. X 600 
Picture (B) shows that if a second hemisection was made in the 
rats three months after the first hemisection on the same side as 
the first lesion, some of the ventral horn motor neurons below 
the lesion would show a loss of cytochrome oxidase activity 
(arrow). X 600 
Picture (C) shows if a second cut was made on the contralateral 
side to the first lesion of the spinal cord, a more prominent loss of 
cytochrome oxidase activity (arrow) appeared in the ventral horn 





This histogram depicts the labelled choline uptake in the spinal 
cord below the lesion of the rats of the control and at the three 
time periods of one month, two months, three months after 
hemisection. Note that there was a decreased choline uptake in the 
rats one month after hemisection but an increased choline 
uptake two months after hemisection. 
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Fig.27 
Choline Uptake of Spinal Cord on lesion 
side be ow the level of hemisection 
1200Y] ^ 
丨：國 
control 1 month 2 months 3 months 
Fig. 28 
This histogram compared the labelled leucine uptake in the spinal � 
cord below the lesion of the control, and opperated rats one 
month, two months, three months after hemisection. Note that 
there was no significant difference between all four groups. 
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Fig. 28 
Leucine Uptake of Spinal Cord on Lesion 
side below the level of hemisection 
800 Yl 
700 乂 T 
Control 1 month 2 months 3 months 
Fig. 29 
This figure compared the recording of the Raman Spectroscopy 
signals from the spinal cords below the lesion side of the rats in 
the control (A) and in one month (B) and three months (C) after 
hemisection. Note that the general patterns were similar but that 
the peaks 1234 and 1648 were lost in the lesioned rats. Since 
these two peaks represent amide I and amide III peaks (denoting 
protein), their loss is indicative of some changes in the secondary 
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Fig. 30 
These photographs were taken with the fluorescent microscope to 
show Fluoro-Gold labelled neurons on cross sections of the motor 
cortex in an experimental rat. 
Photograph (A) shows Fluoro-Gold labelled neurons in the motor 
cortex of the rat after hemisection. The tracer was introduced 
about 3 mm below the lesion side. X 1200 
Photograph (B) shows Fluoro-Gold labelled neurons in the motor 
cortex of the rat after hemisection and a sciatic nerve was sutured 
onto the spinal cord. The tracer was introduced at the end of the 





These photographs were taken with the fluorescent microscope to 
show Fluoro-Gold labelled neurons on cross sections of the motor 
cortex in the two groups of experimental rats. The tracer was put 
into tissue grafts. 
Photograph (A) shows positive neurons in the motor cortex of the 
rat that had been sutured a piece of connective tissue at the 
caudal part of the sciatic nerve. X 1200 
Photograph (B) shows positive neurons in the motor cortex of the 
rat that had been sutured a piece of muscle at the caudal part of 
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Fig. 32 
This series of photographs show the video films trip of the walking 
gaits of hemisected rats. Note that they could walk two months 
after the lesion but the feet were dragging and there was no fine 
movement of the toes. 
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Fig. 32 
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CHAPTER V. DISCUSSION AND CONCLUSION 
A. Evaluation of the sprouting 
The results of the present study show that there is definitive 
sprouting from the corticospinal tract after hemisection of the spinal 
cord in adult albino rat. That this phenomenon occurred is amply demon-
strated by a host of studies employing tracer substances, various silver 
impregnation methods, cytochrome oxidase reaction as well as labelled 
choline and leucine uptakes. These are further augmented by behavioral 
observation of the animals which exhibited initial motor functional 
impairment, followed by gradual recovery over two to three months after 
hemisection of the spinal cord. 
However, this study can not ascertain whether the sproutings came 
from terminal axons or from axon collaterals. Great care was exercised 
to ensure that the hemisection was complete. Thus, using the dorsal 
median artery as a landmark, we had done longitudinal sections at the 
lesion to show that the invasion of connective tissue fibers was all the 
way from the surface to the central canals. Furthermore the placement 
of a metal piece in the lesion which could be detected by X rays showed 
that the metal piece indeed had reached the median point of the spinal 
cord. 
Sproutings of the motor fibers in the spinal cords after lesion have 
been reported in the rodents (Wells, 1980; Sahgal et al, 1981; Kalil and 
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Reh, 1982; Reh and Kalil, 1982; Schreyer and Jones, 1983; Little et al, 
1988), in the squirrel (Guth et al, 1981) and in the primate including 
monkey and man (Kucera and Wiesendanger, 1985; Aoki et al, 1986; 
Kakulas ’ 1988). In rodents, for example, some studies have indicated 
that the sprouting of the motor tracts is much more substantial in the 
neonates ( Kalil and Reh, 1982; Reh and Kalil, 1982). Other studies 
using similar animal model showed that such sproutings occurred in 
adult animals ( Wells, 1980; Sahgal et al, 1981; Schreyer and Jones, 
1983; Little et al, 1988). Richardson et al, 1984 concluded that the 
sprouting of the motor tracts was dependent on the level of the lesion in 
the spinal cord. 
The considerable amount of controversies concerning the ability of 
the fibers in the spinal cord to sprout after injury is actually due to 
several factors. Thus, the selection of a suitable animal model, the level 
of the lesion in the spinal cord, the nature and discreteness of the lesion, 
The timing of sacrifice after the lesion are all important factors for 
consideration. The present study points out clearly the need that spinal 
cord lesion studies should be done on a progressive basis, encompassing 
a sustained period of time instead of jumping into taking samples at a 
particular time point. Our results show that sprouting was most 
profuse two months after lesion but became much less so (may be 
associated with some retraction of fibers ) three months after lesion. 
Studies covering several time points are necessary to reveal an accurate 
picture of sprouting during the recovery process. 
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B. Estimation on the source of sprouting 
Our studies reveal that fibers which had invaded spinal cord levels 
below the lesion originated not only from both sides of the motor 
cortices, but also from higher levels of the spinal cord above the lesion. 
Sproutings from fibers originating from the motor cortex have been 
well documented in the monkey (Kucera and Wiesendanger, 1985) but 
sproutings from spinal cord levels above the lesion represent a new 
finding. 
From our studies, it appears that the cells giving off the sproutings 
are both motor cells and internuncial cells. However, it remains to be 
determined whether these sproutings from higher spinal levels would 
persist for a long time or not. 
C. Evaluation of the promoting effect of peripheral nerve 
Studies by Richardson et al (1980) and David and Aguayo (1981) 
repeatedly emphasized that suturing a piece of peripheral nerve bridging 
the spinal cord lesion would greatly promote the sprouting of motor 
fibers through the lesion in experimental animals. We had tested their 
hypothesis by suturing a piece of peripheral nerve at the site of the 
spinal cord lesion and compared the degree of sprouting through the 
lesion to lower levels and that through the peripheral nerve. We could 
not find any difference in our preparation nor could we observe any 
evidence indicating the promoting effect of the peripheral nerve. The 
only difference is that we observed this at a different time after lesion as 
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compared with their timing of observation. 
D. Evaluation of target specificity of the sprouting 
In an attempt to evaluate whether the sprouted fibers are target 
specific, we had sutured separately a piece of muscle and a piece of 
connective tissue to the lesion site. The rationale was that if there is 
target specificity, the fibers would tend to invade one type of tissue and 
» 
not the other. Assuming that these are motor fibers, it would be more 
likely for them to invade into the muscles rather than connective tissue. 
Our results did not show this tendency and there were sprouted 
fibers in both the muscle and connective tissue, although there was a 
slight quantitative difference. Because of this, we have to conclude that 
the fibers may not be target specific. These fibers were not sensory as 
they would not go to the motor cortex. 
E. Analysis of the functional activity of the sprouting 
Then there is the important question that whether these sprouted 
fibers are functional or not? This piece of work does not provide a direct 
answer to this question. But we do have indirect support arising from the 
cytochemical and biochemical results. 
In the cytochrome oxidase study, it was evident that lower motor 
neurons ( ventral hom cells ) underwent some changes in activities after 
being cutting from upper connections. But as sproutings were 
reestablished, the ventral horn cells regained their activities. These 
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meant that the sproutings to these cells were functional. If a second cut 
was made at the contralateral side above the level of the first cut, then 
the cytochrome oxidase pattern in areas below the first lesion would drop 
in activity again. Since we had shown in other morphological studies ( 
eg. degenerating silver technique ) that some sprouted fibers originated 
from the contralateral side, it was evident that these fibers also had 
some functional influence in the regions below the lesion and by 
cutting these contralateral fibers, the cytochrome oxidase activity in the 
region below the original lesion was decreased. 
Furthermore the labelled choline uptake in the region below the 
hemisection increased two months after lesion, a time at which morpho-
logical studies clearly showed profuse sprouting into this region. Since 
choline is a precursor for acetylcholine synthesis, probably in the ventral 
horn cells, it would be tempting to say that the incoming sprouted fibers 
would have an influence on the transmitter (functional) activities of the 
gray matter below the lesion. 
On the question whether the regions below the injury would regain 
the same proteins in the course of recovery, we were not certain at 
this stage because we did not perform any amino acid analysis. However, 
the Raman studies revealed that the stereostructures of the proteins 
were not identical before and after injury. 
F. Factors influencing sprouting 
For the past decade or more, a great deal of the attention has been 
given to the factors involved in either promoting or inhibiting the fiber 
. 81 
sproutings after spinal cord injury. Some of the factors, outlined in Fig. 
33 (Oorschot and Jones, 1990)，frequently mentioned and discussed 
here. 
1). Astrocyte 
For many years, it has been a tenet of neuropathology that following 
insult to the central nervous system astrocytes proliferate and send off 
branches resulting in the formation of astrocytic scar. This process is 
called gliosis. It has been suggested that gliosis impedes regeneration or 
sprouting by blocking the sprouted fibers from going through the lesion to 
other areas. 
Until recently, this notion has gained unquestioned acceptance. 
Recently, it has been found that in fact abortive axonal outgrowth was 
present prior to or in the absence of astrocyte response ( Reier et al, 
1983 ). Furthermore, in experiments with amphibian, it was found that 
amphibian glial cells did not inhibit regeneration. 
It is known in recent years that astrocytes produce NGF like or other 
promoting factors ( Reier et al, 1983 ). Nevertheless, one should bear in 
mind that reactive gliosis entails certain physiological changes of the 
environment which would affect regeneration. It has also been proposed 
that the astrocytes have polarities and depending on which way the 
sprouted fibers are aligned with the astrocytes, they will either promote 
or inhibit the axonal outgrowth (Tator, 1983). 
2). Schwann cell factor 
It has been known as early as 1977 from the experiment of 
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Blakemore that Schwann cells promote the growth and sprouting of 
axons. This notion was further confirmed by Wrathall et al (1983) using 
pure Schwann cell cultures. 
3). Peripheral nerve 
Through the studies in the early eighty by Aguayo's group 
(Richardson et al, 1980, David and Aguayo, 1981)，the promoting 
influence of the peripheral nerve on spinal sprouting has been implicated 
in intact animals. Since the peripheral nerve contains Schwann cells as 
well, it is uncertain whether the effect is due to Schwann cells or to other 
factors in the peripheral nerve. Wrathall et al (1983) compared the 
promoting effect of pure Schwann cell culture on neurite growth with 
that of a mixed culture from sciatic nerve and found no difference 
between the two, suggesting that Schwann cell is probably the most 
important positive factor influencing axonal sprouting. 
4). Nerve growth factor 
Among all the factors affecting neurite out growth, the Nerve Growth 
Factor (NGF) that nerve growth factor promotes neurite is probably the 
best known since its discovery by Buecher ( 1948 ) and Levi Montalcini 
the eaiy 1950 s. Further work using dorsal root ganglion (DRG) neurons 
after anti NGF treatment abolished such effect substantiated the 
proposal ( Hulsebosch et al, 1984 ). Unfortunately, NGF exerts its effect 
on sympathetic neurons and developing spinal ganglia, and has little 
effect on the CNS ( Oorschot and Jones, 1990 ) although the synthesis 
of choline acetyltransferase (ChAT) in certain neurons has been 
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stimulated after NGF treatment ( Oorschot and Jones, 1990 ). 
5). Gangliosides 
Gangliosides are factors isolated from neuronal membranes. It is 
now generally agreed that gangliosides act through trophic factors 
(Sabel and Stein, 1986 ) and in reestablishing axonal transport in 
surviving neurons ( Bose et al, 1986 ). 
6). Fibroblast growth factors 
These factors are released from tissues after injury. They are 
known to induce the proliferation of macrophages but inhibit neuritic 
sprouting. Acidic fibroblast growth factor ( aFCF )，however, is also 
angiogenic ( Oorschot and Jones, 1990 ). 
7). Poly L Lysine 
This is a substrate which serves as a base for the attachment of 
neurons ( adhesion of neurons ). It has been shown that it stimulates 
neurite outgrowth in the rat hippocampus ( Banker and Cowan, 1977 ). 
8). Glycoprotein factors in the basal lamina 
This group includes the famed laminin and fibronectin. In 1983， 
Rogers et al showed profuse neurite outgrowth from chick and mouse 
retinal mass attributed to these factors which led him to propose the role 
of these glycoprotein in CNS regeneration. 
Presently, considerable discrepancies exist concerning the different 
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factors promoting neurite outgrowth during development and following 
nerve injury and contradictory results have been reported. It has been 
shown, for example, that neurites of human sensory neurons grow better 
on collagen than on laminin ( Baron-Van Evercooren et al, 1982 ). David 
(1988), when studying the growth of cerebellar neurons, found that these 
cells grew better on astrocytes than on laminin. 
The results of the present have proven unequivocally that there is 
sprouting of fibers from the motor system after hemisection. Throughout 
this work, we have used the term "sprouting" rather than the term 
"regeneration". Regeneration in our understanding can only be employed 
when functional contacts have been established. 
In our ultrastructural studies, we have observed synaptic terminals 
on ventral horn cells in areas below the lesion several months after 
hemisection. However, we have yet to rule out that these are not 
contacts between internuncial cells and ventral horn cells at the same 
spinal level. In this work, there is some indication that the sprouted 
fibers are functional, but this observation is preliminary and is in need of 
more detailed studies using techniques of neurophysiology. 
The results in this work are based on the rats and any extrapolation 
to the human is speculative and may not be appropriate. In a series of 
studies spannina many years, the famed Russian Neurosurgeon Nes-
meyanove has pointed out there is indeed some form of "regeneration" 
after spinal trauma. However, the scope and the nature of recovery are 
highly dependent on the extent and discreteness of the lesion, the level 
of the lesion and the length between injury and training, results very 
much similar to those observed in animal studies ( Nesmeyanova, 1983 ). 
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Fig. 33 
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